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Abstract.
Objective. This study assessed the impact of the COVID-19 pandemic on emergency departments (EDs) in South
Australia, measured by changes in the number and casemix of patients in the system over time.
Methods. Data from the South Australia Emergency Department Dashboard, updated every 30 min, were analysed
for the period 4 October–21 December 2020. The Dashboard reports live counts of the number and type of patients in each
of the six adult metropolitan public EDs in Adelaide, South Australia.
Results. There was a significant difference in the mean daily average occupied ED capacity before and during two
distinct increases in COVID-19 cases in South Australia. An increase in COVID-19 cases coincided with a decrease in
patients in EDs (Pearson’s r ¼ –0.93 and –0.67; P , 0.001 for both). Presentations in Australasian Triage Scale (ATS)
Categories 2–5 decreased during these periods, whereas ATSCategory 1 stayed constant.Mental health patients continued
to present to the ED, despite the overall drop in ED presentations.
Conclusions. During the two periods of COVID-19 case growth in SouthAustralia, therewas a significant drop in the
number of patients presenting to the major public EDs and a change in the casemix of patients over time.
What is known about the topic? EDs in Australia often operate at or over capacity, with frequent reports of ambulance
ramping, access block and long waiting times. There have been reports internationally of significant declines in ED
presentations throughout the COVID-19 pandemic.
What does this paper add? This paper uses a novel publicly available data source that is available in real time to
contribute a new perspective from South Australia, which has experienced two distinct periods of strict restrictions and
lockdown. The research showed that the number of mental health presentations remained consistently high, despite a
significant overall decline in ED occupancy.
What are the implications for practitioners? This study demonstrates that SouthAustralians are accessing emergency
medical treatment differently in response to the COVID-19 pandemic. In the context of an overall decline in presentation
numbers, the number ofmental health-related presentations has not changed significantly, suggesting that this trend should
be closelymonitored. The findings corroborate the national concern that unwell people have avoided accessing emergency
medical care during the pandemic, leading to worse outcomes and increased need for healthcare resources at a later date. It
will be important to monitor and quickly detect further changes in ED usage using real-time data as the pandemic evolves,
as well as in any future significant health crises.
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tions, emergency treatment, medical care.
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COVID-19 PANDEMIC HEALTH CARE
Introduction
Emergency departments (EDs) are a critical component of
healthcare systems and are often the first point of contact for
patients requiring urgentmedical attention.1 The performance of
EDs in delivering timely treatment has been a prominent topic in
political and media discourse for many years, attracting sub-
stantial negative attention on account of excessive wait times,
ambulance ramping and bed blocking (which arises from a lack
of availability of alternative in-patient treatment or community
care).2 These problems are the most obvious symptom of a
healthcare system that is running very close to and often
exceeding its capacity.3
COVID-19 gained global attention as a novel infectious
disease in early 2020. The World Health Organization (WHO)
declared it a Public Health Emergency of International Concern
on 30 January 2020 and a pandemic on 11 March 2020.4 As the
COVID-19 pandemic evolves, the public in Australia and
internationally are required to practise ‘social distancing’ to
help ‘flatten the curve’.5 The goal of social distancing is to slow
the spread of COVID-19 infection so that the number of people
requiring hospital treatment will not overrun health system
capacity. The Australian government has implemented various
levels of social distancing, varying from minor changes in daily
life (e.g. keeping a distance of 1.5 m from other people) to
extreme changes (e.g. closing social venues and requiring
people to work from home if at all possible).6 Social distancing
measures are adjusted over time in response to changes in the
epidemiological situation.7
Social distancing measures in response to the COVID-19
pandemic have resulted in high unemployment rates, with the
Australian Taxation Office reporting a decrease of 2.9% in the
payroll system between 14 March and 14 November 2020.8
Increased unemployment and other pandemic-related stress has
coincided with heightened demand for mental health support,
with Lifeline reporting increased demand during the pandemic
and 8 September 2020 as its busiest day in 57 years of operation.9
A survey of 5070 Australian adults reported that 78% of
participants experienced a negative change to their mental
health since the beginning of the COVID-19 pandemic,10
whereas the WHO announced that COVID-19 has disrupted or
halted mental health services in 93% of countries.11 Of further
concern is the marked decline in cancer screening checks
performed since March 2020.12
During such a pandemic, it is important to detect changes in
the way people access emergency medical services, monitor the
ability of EDs to continue to deliver safe and timelymedical care
and respond to any new challenges that arise. Internationally,
reports on health system activity have indicated a significant
decrease in the number of ED presentations during the COVID-
19 pandemic.13–15 The aim of this study was to determine the
impact of COVID-19 on South Australia’s major EDs, using
publicly available data in near real time to examine changes in
the number and casemix of patients presenting for emergency
treatment during two distinct periods of strict social distancing
spanning a total of 11.5 weeks.
Methods
The ED dataset used in this study was collected from the South
Australia Emergency Department DashboardA for the period 4
October–21 December 2020 inclusive, producing 48 observa-
tions daily at 30-min intervals for each ED. The collection
process was automated to collect data at 15-min intervals,
ensuring each 30-min update time was captured at least once.
Where the Dashboard failed to update, the last observation was
carried forward for statistical analysis. Data on the number of
COVID-19-confirmed cases was extracted from a publicly
available live dashboard.16 The ED dashboard data between 14
and 31 July 2020 are missing due to a problem in the data col-
lection system. Car accident statistics were accessed from South
Australia Police reports.B
Statistical analysis was performed using R software.17 Daily
trends in the EDdashboardwere smoothed using a 7-daymoving
average to facilitate the identification of the important underly-
ing trend (signal) from noise (daily variation). Statistical process
control charts were used to visualise the change in trends over
time18 using the R package qcc,19 with limits calculated using
data spanning 4 October 2019–19 March 2020 (pre-pandemic).
Pearson’s correlation coefficient (r) and Welch’s analysis of
variance (ANOVA) test were used to compare four distinct
stages of the data: (1) pre-pandemic (4 October 2019–19 March
2020); (2) Restriction Period 1 (20 March–4 April 2020);
(3) easing of restrictions (5 April–11 November 2020); and
(4) Restriction Period 2, including Lockdown 2 (12 November–
4 December 2020).
Results
The ED dashboard incorporates a traffic light system of markers
to show the ‘busyness’ of each ED. The traffic lights change
based on the occupancy level as a percentage of ED beds. As
well as the three traffic light colours of green (0–80%
occupancy), amber (80–95% occupancy) and red (95–125%
occupancy), the dashboard shows a ‘white hot’ state, indicating
occupancy of .125%. Table 1 and Fig. 1 show that before the
number of COVID-19 cases started to increase in South Aus-
tralia (before 20March 2020), Adelaide’s EDswere operating at
a daily average of ‘red’ or ‘white hot’ 73% of the time. During
Restriction Period 1, this percentage dropped to 0%. Throughout
the easing of restrictions (29 June–15 November 2020), the
percentage of ‘red’ and ‘white hot’ days increased to 45%, and
then decreased again to 42% during Restriction Period 2. EDs
operated at a daily average of ‘green’ during all three strict
lockdown days between 19 and 21 November 2020.
The number of COVID-19 cases in South Australia initially
increased during Restriction Period 1 until 4 April 2020, when
the rate of growth of new cases slowed. A further surge in cases
occurred during Restriction Period 2 (Fig. 2, top). The activity in
SouthAustralia’smajor EDs is also shown in Fig. 2 (bottom) as a
7-day moving average of daily percentage occupied capacity.
Prior to the presence of COVID-19 in South Australia, the
occupied capacity fluctuated around 100%, then declined during
Ahttps://www.sahealth.sa.gov.au/wps/wcm/connect/publicþcontent/saþhealthþinternet/aboutþus/ourþperformance/ourþhospitalþdashboards/
aboutþtheþedþdashboard/emergencyþdepartmentþdashboard (accessed February 2020).
Bhttps://www.police.sa.gov.au/about-us/traffic-statistics (accessed February 2020).
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Restriction Period 1, coinciding with increased COVID-19
infections (Fig. 2), and exhibiting a strong negative relationship
(Pearson’s r ¼ –0.93, P , 0.001; Fig. 3a).
Fig. 2 (bottom) shows the occupied capacity gradually return
to ‘normal’ operating conditions by August 2020, with the
busiest day in the dataset observed on 3 November 2020. A
further increase in COVID-19 cases beginning on 12 November
2020 corresponds to a significant decline in occupied ED
capacity (Pearson’s r ¼ –0.68, P , 0.001, Fig. 3b; note, that
there appears to be a non-linear relationship between COVID-19
cases and occupied ED capacity, but caution should be taken not
to overinterpret this observation because there are only eight
data points). During Restriction Period 2, the occupied ED
capacity dropped below the lower limit of the statistical process
control chart four times in a short time frame (Fig. 2, bottom, red
circles). Welch’s ANOVA test confirmed a significant differ-
ence in the mean ED occupancy for between the four stages in
the data (P , 0.001; Table 2). Post hoc comparisons using the
Games–Howell method demonstrated a significant difference
between the pre-pandemic stage and both Restriction Period 1
(P , 0.001) and Restriction Period 2 (P ¼ 0.04).
Fig. 4 shows the daily average observed number of patients in
each Australasian Triage Scale (ATS) Category and in the
mental health category as a percentage of ED capacity. During
both restriction periods (highlighted red) there is a decline in the
number of ATS Category 2–5 patients, with most data lying
below the mean, and a stable number of ATS Category 1 and
mental health patients, despite the drop in overall demand.
Discussion
The data analysis shows a decline in ED occupancy concurrent
with increases in COVID-19 cases in South Australia. Similar
findings have been observed in other Australian states and
internationally; for example, a drop in EDpresentations for 2020
compared with 2019 has been reported in New South Wales,13
Victoria,20 the US14 and the UK.15 There are several reasons
why members of the public are opting not to present to the ED
when they otherwise would have done so, including: (1) a fear of
being exposed to COVID-19 in hospital, particularly in the case
of patients at most risk of serious illness or fatality21 (e.g. from
illnesses such as stroke, heart attacks and cancer, for which
hospital presentations have dropped by as much as 24% in
Table 1. Percentage of days on which the mean daily occupancy of adult emergency departments in Adelaide fell into each alert code
Green, 0–80% occupancy; amber, 80–95% occupancy; red, 95–125% occupancy; Pre-pandemic, 4 October 2019–19 March 2020; Restriction Period 1,
20 March–28 June 2020; Easing of restrictions, 29 June–15 November 2020; Restriction Period 2, 16 November–4 December 2020
Alert code % Days
Pre-pandemic Restriction Period 1 Easing of restrictions Restriction Period 2
Green 1.2 57.4 20.1 5.3
Amber 25.6 32.7 35.4 52.6






























Fig. 1. Percentage of days where the mean daily occupancy of adult emergency departments in Adelaide fell into each alert code.
Green, 0–80% occupancy; amber, 80–95% occupancy; red, 95–125% occupancy.
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Australia20 and 50% globally22); (2) they belong to the ‘worried
well’, who have re-evaluated the severity of their condition in
light of the present risk; (3) there is additional at-home care from
family members who would otherwise not be at home, negating
the need for some patients to attend the ED; (4) they may be
responding to government advice not to present to EDs or gen-
eral practitioners to reduce the spread of the disease (e.g. patients
with COVID-19 are asked to seek assistance via a helpline
instead of attending an ED in South Australia);23 and (5) it could
be the case that, with more people working from home, there is
less likelihood of motor vehicle accidents and workplace inju-
ries that give rise to the need for emergency treatment.
There is some evidence to suggest that a slight decline in


















































































































































































































































































































































Fig. 2. COVID-19 cases in South Australia (top) and ED occupied capacity across Adelaide metropolitan public hospitals (bottom).
The top figure shows the growth in the number of COVID-19 cases by 357 (between 20March and 4 April 2020) and by 36 (between 12
and 19 November 2020).
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(b)
Fig. 3. Scatterplots showing the correlation between COVID-19 cases in South Australia and the 7-day moving average of ED occupied
capacity across Adelaide metropolitan hospitals during the period (a) 20 March–4 April 2020 (Pearson’s r ¼ –0.93, P , 0.001) and
(b) 12–19 November 2020 (Pearson’s r ¼ –0.68, P, 0.001). The data in (b) suggest that there may be a non-linear relationship between
COVID-19 cases and occupied ED capacity during this period of time.
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traffic statistics report 685 serious traffic injuries in 2020 current
to midnight 21 December, compared with an estimated average
of 703 in the previous 4 years.B Analysis of Victorian ED data
demonstrated a decline in motor vehicle incidents alongside an
increase in bicycle injuries in 2020 compared with 2019, leaving
the number of transport-related presentations unchanged.20 The
data also indicated an overall reduction in injury-related pre-
sentations: there was amarked increase in the number of injuries
that occurred at home concurrent with a decline in the number of
injuries sustained during sport and school activities.20 Data from
New South Wales also indicated a reduction in the number of
wrist and hand fractures in 2020.13
During both the restriction periods in South Australia, the
number of presentations in ATS Categories 2–5 decreased,
whereas the number of ATS Category 1 patients remained
constant. This corresponds with findings in New South Wales,
where the number of presentations was lower in all triage
categories except ATS Category 1.13 The presentation of mental
health patients to EDs in South Australia has not varied
significantly throughout the pandemic, despite the overall drop
in presentations. This observation was also made in Victoria,20
whereas New SouthWales reported an increase in the number of
mental health presentations.13 Lifeline has reported an increased
number of calls made during the pandemic, with March and
August 2020 being their busiest months and 8 September their
busiest day on record.9 It is anticipated that the demand for
mental health services will continue to increase as the effects of
prolonged social distancing and heightened unemployment
levels continue.24
One of the concerns that can be drawn from a reasonable
interpretation of the data is that people who are genuinely ill are
avoiding presentation at EDs.13,20,25 This is already evident,
with reports from Australia20 and internationally22 showing a
major decline in the number of patients presenting to hospital
with cancer, stroke and heart attacks. There is a growing concern
that this may result in poorer outcomes for patients25 and lead to
surge of demand for in-patient beds that is not due to the
COVID-19 infection per se, but, rather, is an indirect outcome
of the pandemic. A further concern is the anticipated increase in
demand for mental health services. This would place additional
pressure on EDs, which were already operating at an average of
99% occupied capacity before COVID-19.
Despite the overall drop in ED presentations during periods
of social distancing, the dashboard traffic lights indicated that
the system was frequently operating at an average of ‘red’ or
‘white hot’ (9.9% of days in Restriction Period 1 and 42.1% of
days in Restriction Period 2), with the implication that EDs were
not adequately resourced to manage patients safely even with a
significant reduction in ED attendance volume. A potential
explanation for sustained ED busyness (despite reduced
attendances) is the increased time spent on COVID-19 precau-
tions, as reported by a hospital in Victoria.26
Table 2. Welch’s ANOVA test for differences in the mean percentage
occupancy in South Australia’s EDs during each of the four pandemic
phases to date
The null hypothesis was that the true difference in means was equal to zero.
Pre-pandemic, 4 October 2019–19 March 2020; Restriction Period 1, 20
March–28 June 2020; Easing of restrictions, 29 June–15 November 2020;
Restriction Period 2, 16 November–4 December 2020
Stage of pandemic Mean occupied capacity (%) d.f. P-value
Pre-pandemic 99.4 3 ,0.001
Restriction Period 1 66.2
Easing of restrictions 90.6
Restriction Period 2 93.0
Triage category 5Triage category 4Triage category 3
































































































































































Fig. 4. Statistical process control charts showing the average daily number ofmental health patients and patients inAustralasian Triage ScaleCategories
1–5 as a percentage of ED capacity.
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Although, to date, South Australia has been fortunate in
controlling the number of COVID-19 infections, monitoring the
publicly available ED dashboard provides a unique opportunity
to gain real-time insights into the effects of COVID-19 on South
Australia’s main EDs. Furthermore, ED attendance data could
be a proxy for observing the adherence of social distancing and
level of concern in society.
Conclusions
Data collected in real time through the South Australia Emer-
gency Department DashboardA from 4 October 2019 to 21
December 2020 show a decline in the number of ED presenta-
tions during both strict restriction periods that is strongly cor-
related with the number of COVID-19 cases. The casemix of
patients has changed during the course of the pandemic. During
both periods of strict restrictions, there was a decrease in the
number of ATS Category 2–5 patients. Mental health pre-
sentations did not vary significantly throughout the pandemic,
despite the overall decline in ED presentations.
These results indicate changes in the way that South Aus-
tralians are accessing emergency health care during the COVID-
19 pandemic. There is a concern that people who are very ill are
avoiding presentation at EDs when there is a risk of contracting
COVID-19 in hospital, which could lead to poorer outcomes and
an as yet unobserved demand for hospital services at a later
stage. These data provide publicly available and real-time
insights into ED activity. It is of great importance that public
health decision makers monitor and understand the system’s
response to COVID-19 so that we can make informed decisions
about resources during the pandemic and to prepare our response
to future pandemics.
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